Video tutorials for software training are becoming more and more popular, but their construction and effectiveness is understudied. This paper presents a theoretical model that combines demonstration-based training (DBT) and multimedia learning theory as a framework for design. The study investigated the effects of video tutorials on motivation, task accomplishment and learning with special attention being paid to the role of reviews. Three tutorials were compared: preview and demonstration (control condition), preview and demonstration and review (review condition) and preview and demonstration and 2nd demonstration (2-demo condition). Participants were 65 students from the upper grades of elementary school. Participant logs revealed a significant decrease in coverage for video types following the preview. All tutorials significantly raised self-efficacy and procedural knowledge (i.e., task performances during training, immediate and delayed post-test), but no effects of condition were found. The discussion addresses issues concerning the design of the tutorials (overlap between video types) and usage conditions (blocked video access during training tests) that may have negatively affected coverage and the effectiveness of the reviews. A limitation of the study is that no process data were & Hans van der Meij 123 Education Tech Research Dev https://doi.org/10.1007/s11423-017-9560-z gathered that could shed light on the relationships between design features and observational learning processes.
Introduction
The video tutorial is rapidly gaining ground as an instructional means for software training. Companies such as Adobe, IBM, Microsoft, SAP and TechSmith are accommodating their clients' need for instructional support by developing a rapidly growing set of video tutorials. For instance, TechSmith provides a wide range of video tutorials that help expand the user's skills in handling their programs. For their screen capture program SnagIt, the user can find videos on how to accomplish basic tasks, including screen capturing, editing a capture, and media sharing (TechSmith 2017, June 4) . A further sign of the rising popularity is the large repository of video tutorials for software training on the website Lynda.com which recently was sold to LinkedIn in the amount of $1.5 billion (Kosoff 2017, May 2) . Although video tutorials for software training may be increasingly popular, it is unclear how well they work. There is no published information about the design characteristics and effectiveness of the video tutorials produced by the aforementioned companies.
Empirical studies that have compared video-based to paper-based tutorials for software training have shown mixed results. While Mestre (2012) reported an advantage of paperbased instructions, Alexander (2013) found no differences. Three other studies found the video tutorial significantly more successful than the paper-based version (Lloyd and Robertson 2012; van der Meij 2014, 2015) . What this research suggests is that effective videos should capitalize on the affordances of video while also attending to, and possibly even incorporating key qualities of print.
van der Meij and van der Meij (2014 Meij ( , 2015 also reported the presence of a considerable discrepancy between aided and unaided task performances for the video tutorial. Their findings showed was that the demonstrations of task completion were sufficiently clear to enable the users to perform the modeled tasks, but failed to achieve the same level of success for learning. This result was seen as a signal that there was a need for additional support for the user's retention. A similar finding was obtained in another study by van der Meij (2014) involving the same video tutorial.
The findings led to an elaboration of design guidelines and new empirical studies. Specifically, a theoretical model was proposed consisting of a combination of demonstration-based training (DBT) (Grossman et al. 2013 ) and multimedia learning theory (e.g., Mayer 2014 ). Subsequently, a video tutorial for software training was designed in accordance to the model and three experiments were conducted to test the effectiveness of including complementary review videos (henceforth reviews) for enhancing learning (Brar and van der Meij 2017; van der Meij and van der Meij 2016a, b) . By and large, these studies found positive effects of reviews.
The present study continues this line of research on reviews. First, the paper briefly summarizes the theoretical model as a guide for constructing a video tutorial for software training. Next, a discussion follows concerning the retention process and the benefits of complementing demonstrations with reviews. The remainder of the paper discusses an experiment on the added value of reviews for a video tutorial constructed using the guidelines outlined by the theoretical model.
A theoretical model for software training
The video tutorial for software training that we designed consisted of a demonstration of task performance that users could mimic and learn from, and that should also be of interest to them. Figure 1 depicts the theoretical model that formed the basis for this construction effort. At the heart of the model, there are the four fundamental processes involved in (re)ProducƟon User characterisƟcs Bandura (1986) . Connected to these processes are instructional features that, according to demonstration-based training (DBT), are necessary to increase learning (Grossman et al. 2013; Rosen et al. 2010) . The instructional features in the model also connect to multimedia learning theory (see Mayer 2014) with its important insights on (limitations of) cognitive processing and large set of empirically tested principles for instructional design. Under the umbrella term DBT, the model has recently been described in detail (Brar and van der Meij 2017; van der Meij and van der Meij 2016a, b) . The next section briefly describes the retention process and summarizes the research on reviews. The subsection on ''Instructional materials'' in the ''Method'' details how specific instructional features from the theoretical model found their way into the design of the video tutorial.
Notice that the theoretical model also takes into account user characteristics and situational variables. A user characteristic that should always be considered when seeking to optimize learning is prior knowledge. Research on the expertise reversal principle has shown that design features that are effective for novices or beginners may not be effective or may even hinder learning for more knowledgeable people (Kalyuga 2007 (Kalyuga , 2014 . Situational variables also constrain the design guidelines that can be applied. For software training, the prototypical context is the individual user working alone at his or her computer. Accordingly, the model does not mention various types of instructor-led support.
Complementing a demonstration with a review video
Retention involves the process of transforming incoming information into symbolic codes that are stored in long-term memory (Bandura 1986 ). The user must extract the distinctive features and structures from a task demonstration and code these into a succinct, prototypical representation. This information must be committed to memory to serve as a guide for subsequent action. Retention, thus, subsumes the processes that Mayer (2008) refers to as organization and integration. The end result should be a concept of task performance that can serve as a guide and standard, enabling the user to organize, initiate, and monitor future actions (Bandura 1986) . Figure 1 shows various design features that can support retention. The original video tutorial used in van der Meij and van der Meij's (2014 Meij's ( , 2015 studies incorporated several of these features in its design (i.e., segmentation, simple-to-complex sequencing, and pauses). Still, additional support is needed to enhance user's retention. Including a review feature, which summarizes relevant information of a task performance, in a video tutorial might strengthen the user's retention, recall and task performance.
A literature search of empirical studies on how people summarize multimedia presentations showed no hits. Thus, a literature search on text representation and recall has been conducted. According to Meyer (1975 Meyer ( , 1984 , proficient readers adopt a structure-based strategy to create a complete and coherent representation of an expository text. In such a strategy, the reader identifies the overall top-level structure (e.g., sequence) of the rhetorical relationships between the main ideas in a text. This structure is then used to organize comprehension and recall. Readers who adopt a structure-based strategy have better understanding and recall of the main topics of a text (Meyer and Poon 2001) . Moreover, they are in a better position to recall subordinate content as well (Meyer 1975) . Less proficient readers do not automatically use a structure-based strategy, but they benefit from scaffolds that reveal the rhetorical structure of the text (Meyer and Wijekumar 2007) .
Empirical research on the effectiveness of reviews in tutorials has been limited (van der Meij and van der Meij 2016a). A few studies on the contribution of text summaries to recall reveal that text summaries can enhance retention for summarized content (Hartley et al. 1976; Hartley and Trueman 1982; McLaughlin Cook 1981; Vezin et al. 1973) . Summaries presented before and after a text have been found equally effective.
Three initial experiments have been conducted to investigate whether reviews in a video tutorial contribute to motivation and learning particularly how users could benefit from reviews in different ways (Brar and van der Meij 2017; van der Meij and van der Meij 2016a, b) . First, a review provides the user with a concise overview of the main issues or events in a procedure, which can enhance retention and increase the user's self-efficacy, defined as the confidence in his or her capacity for task accomplishment. Second, a review can serve as a frame of reference for the user's own summary of a procedure. This feature can also strengthen the user's knowledge of the correct task solution and self-efficacy belief. A third presumed benefit of a review is that it offers the user a second chance to learn, compensating for any possible mind wandering during the presentation of a demonstration.
Brar and van der Meij (2017) investigated a video tutorial that taught university student how to conduct a t test using the SPSS software program. In the control condition, only demonstrations could be viewed. In the experimental condition, a review was presented after each demonstration. The study only assessed the contribution of reviews to learning outcomes. The main finding was that review condition did better on both the knowledge and performance test, but the difference between conditions was not statistically significant.
van der Meij and van der Meij (2016a, b) also compared a demonstrations only control condition to an experimental condition with demonstrations plus reviews. This research was more similar to earlier studies both for the audience (i.e., upper elementary and/or lower secondary school) and domain of the video tutorials (i.e., formatting tasks in Microsoft Word). In the experiment where participants had unlimited access to the videos during training, reviews enhanced self-efficacy (van der Meij and van der Meij 2016a). In the study where participants had no control over video play, reviews were found to significantly enhance task performance (van der Meij and van der Meij 2016b). Both studies also found that learning was significantly higher in the review condition.
The present study further tests the effects of reviews in video tutorials on user motivation and learning for formatting tasks in Microsoft Word. It differs from earlier research in several ways. First, an important aspect neglected in the two earlier studies, which is taken into account in the present study, is viewing behavior. When a review is added to a demonstration video, the total length of the task video increases. This raises the question whether users are willing to spend additional time viewing the review. Studies in which data mining has been applied to determine drop-out rates for videos clearly show that video length and viewing behavior are related (Guo et al. 2014; Wistia 2012) . Their findings indicate that shorter videos keep more users on-board and are viewed more thoroughly than longer videos. In other words, data on viewing behavior can show whether reviews are viewed thoroughly and whether this influences their effectiveness.
Second, the procedure of this study limited user control during training. Participants could view the video as long as they wanted, and they could pause and replay sections as they deemed necessary. However, access to the videos was blocked once they started to practice. In effect, this procedure yielded an assessment of what was learned immediately after viewing a video on a task (i.e., a training test). Third, previews were added to the tutorial, which was expected to yield a pre-training effect. Because a slightly younger and presumably less knowledgeable audience was targeted, the previews were intended to prevent overload problems when processing the demonstration and review (see Mayer and Pilegard 2014) . Fourth, a third condition was included. A new tutorial was created in which a second, identical demonstration followed after the first demonstration. This 2-demo condition controls for the possibility that the influence of reviews is mainly a repetition effect.
Experimental design and research questions
The experiment was set up as a factorial design with a control condition (preview and demonstration), and two experimental conditions (preview and demonstration and review, and preview and demonstration and 2nd demonstration). The study aims to address the following research questions.
Research question 1: How fully are the videos viewed?
Empirical research indicates that video length can have a significant effect on viewing behavior. Longer videos often lead to a reduction in the percentage of a video that is viewed (Guo et al. 2014; Wistia 2012) . The videos in the present study differ in length. Therefore, data are gathered about video coverage which is the percentage of a video that is shown in play mode. These data give information about the possible role of video length.
Research question 2: How effective are the videos in increasing self-efficacy and is there an effect of condition?
The video tutorials were designed to support motivation. For motivation we measure selfefficacy which can be defined as a person's expectancy for success on novel tasks (Bandura 1997) . In line with the finding of an earlier study (van der Meij and van der Meij 2016a), the increase in motivation is expected to be strongest for the review condition.
Research question 3: How well do the videos support learning and is there an effect of condition?
Earlier studies with video tutorials for the same software tasks found that demonstrations plus reviews increased learning more than demonstrations only (van der Meij and van der Meij 2016a, b). This effect is also expected in the present study.
Method Participants
The 65 participants in the study came from two fifth-grade and two sixth-grade classrooms from an elementary school in the Netherlands. The mean age of the participants was 11.5 years with a standard deviation of 0.71. The 32 boys and 33 girls were randomly assigned to condition after stratification for classroom. All participants were native speakers of Dutch. Therefore, all instructional materials, including the software, were in Dutch.
Instructional materials
The videos in this study embodied a great number of instructional features from the theoretical model. The tutorial taught six formatting tasks in Microsoft Word 2010. These tasks were anchored in the participants' task domain (M1 in Fig. 1 ) by starting with poorly formatted original texts from school reports. The example documents were then changed into well-formatted texts in the videos.
The videos in the tutorial were organized in a table of contents with (sub)titles. The first chapter of the tutorial discussed adjusting the left and right margins for a whole document. The second chapter revolved around formatting paragraphs, citations, and lists. The last chapter dealt with the automatic creation of a table of contents.
The division of chapters and the videos therein represented a meaningful segmentation (R1) of the various formatting tasks. The sequencing of the videos followed the simple-tocomplex principle (R3). For instance, the video on adjusting the left margin of a complete document preceded the video on adjusting the right margin because it involved the easiest manipulation of the screen object in both tasks.
For individual videos an upper limit of 3 min was chosen. Empirical research suggests that this is a suitable length (M4) for maintaining user interest and preventing early dropout (Guo et al. 2014; Wistia 2012) . Table 1 shows the length of the video types (1st and 2nd demonstrations have the same duration). The table gives the basic data for computing the length of the video tutorials. Specifically, the length of the control tutorial is simply the sum of all previews and demonstrations, and the length of the review tutorial is the sum of all previews, demonstrations, and reviews. For the 2-demo tutorial the length is the sum of all previews and the demonstrations taken twice. There was a considerable difference in video length for the tutorials. The control tutorial lasts for 12.3 min, the review for 16.1 min, and the 2-demo tutorial is 20.5 min of video. Participants could access the video tutorial via a website. The left-hand column of this website presented the table of contents that was permanently visible on the screen. The subtitles gave access to the videos. Clicking on a subtitle changed its color and opened the video in the right-hand column of the website. The subtitle also appeared above the video. There was no transcript of the narrative. The toolbar facilitated user control (A4). Students could start, pause, stop, fast-forward and rewind the video with a toolbar. In addition, they could adjust the sound level and switch between a full and partial screen representation.
The basic set-up of the videos was a combination of animated screen recordings with a narrative spoken by a female native speaker. Three types of video were developed for each task, namely, a preview, a demonstration, and a review. First and second demonstrations were identical videos. The type of video that the users could expect to see was announced in writing (e.g., ''preview'') in a slide that was displayed two seconds before its start. All of the videos for a task automatically appeared one after the other.
In this study, pace (A3), the ongoing stream of information in a video, was measured as the mean number of words-per-minute (wpm). The wpm count for all videos together yielded a score of 118 wpm. Compared to a mean rate of 125-150 wpm for human speech (Fulford 1992) , this qualifies the pace of the videos as slow.
Previews (A2) prepared the user for the upcoming task by showing the start and end state of a formatting task. In addition, previews explained and illustrated task-specific concepts such as margins or paragraphs that the user may not yet know. Finally, previews directed the user's attention to pertinent screen objects and locations for task completion. At the end of each preview there was a 2-second pause (R4). The preview was always the first video that was displayed for a task. The mean length of a preview was 28 s (range 21-34).
Demonstrations showed and explained an unfolding scenario of task completion. Research on paper tutorials for software training suggests that the construction of such a scenario revolves around two key design decisions: (a) selecting a suitable solution method and (b) concentrating on the most essential content van der Meij and Carroll 1998) .
Software programs generally offer menu-based and key-based methods for task completion. For instance, to italicize a word in a Microsoft Word 2010 document in Windows (it is different for the Mac), the user can select the I-object from the Font menu or press the key combination Control ? I. The methods have a trade-off between simplicity and efficiency. The recommended choice for novices or beginners is to teach only the simpler, more insightful method (Renkl 2011 (Renkl , 2014 van der Meij and Carroll 1998) . In software training this is invariably a menu-based method.
The Four Components Model of procedural discourse for software indicates that tutorial instructions generally consist of four main types of information: goals, interactions, prerequisites, and troubleshooting (van der Meij et al. 2003; van der Meij and Gellevij 2004) . Of these types, goals and interactions are a necessary component. Accordingly, mainly information on goals and interactions was given.
Information about the goal serves the dual purpose of motivating and preparing the user. It should identify what a task can accomplish and persuade the user to try to complete that task. Information about the interactions couples the user actions with the program's reactions. The action component must tell the user how to act and what object to act on. These action statements should be aligned to the user's mental plan; they should follow the path of the user's thoughts and actions during task execution (Dixon 1982; Farkas 1999; Zacks and Tversky 2003) . The recommended, standard format for an action statement is a succinct description built around an imperative verb (Farkas 1999) . The reaction component should inform the user about the consequences of an action. This information directs the user's attention to interface changes (van der Meij and Gellevij 2004).
Each demonstration began with a display of the starting state of a Word document and a narrative that introduced the formatting problem (e.g., ''The left side or margin of this text is too small'', ''This list does not look nice''). Thereafter, the demonstration showed how user actions led to changes on the interface. The narrative described these actions in command form (e.g., ''Click the left mouse button'', ''Drag the margin to 2.5 cm''). The narrative also regularly attended the user to screen objects, locations and changes using standard phrases such as, ''A window appears with the text…'' and ''You now see…''. In addition to this verbal signaling, visual techniques such as zooming-in and highlighting were applied (A1). Statements about actions or interface states frequently included the personal pronoun ''you'' to create a conversational style (M2). Demonstrations concluded with a reminder of the accomplished goal of the procedure (e.g., ''You can now see that all chapter headings look the same. Word also knows exactly where they begin.''). At the end of each demonstration there was a 2-second pause (R4). In the 2-demo tutorial, the first demonstration was always followed by a second, identical, task demonstration. The mean length of a demonstration was 53 s (range 42-75).
Reviews (R5) summarized a procedure. They provided the user with a condensed version of task execution. Reviews always appeared automatically after the demonstration for a task, following a 2-second pause (R4). Reviews always began with the announcement ''Remember''. Thereafter, the narration concentrated on the task sequence and actions. That is, the task completion scenario was emphasized by paying attention mainly to the (sub)goals and user actions needed to achieve them. The narration was expressed in the first person to model the personal action plan, and it used signal words to emphasize the sequential nature of the actions (e.g., ''First, I must select a chapter title. Next, from the menu Styles I select Heading 1''). The mean length of a review was 25 s (range 20-35).
A paper instruction booklet served to guide the participants through the process of video viewing and practice. It described the sequence in which task videos were to be viewed, and what practice file (see Procedure) to use in the training test.
Instruments
The initial self-efficacy questionnaire (ISEQ) was a paper-and-pencil instrument that presented a screenshot of each of the six main training tasks and asks the question: ''How well do you think you can complete this task?''. The same question was asked for each task that was demonstrated in training. This tailored the measure of self-efficacy to the particular domain of interest (Bandura 2006) . Answers were given on a 7-point Likert scale. Following the advice from Hartley and Betts (2013) , positive responses were placed to the left. That is, the scale values ranged from very well (1) to very poorly (7). In presenting the data, the scales are reversed, because that is easier to understand (i.e., a higher score meaning greater self-efficacy). Reliability analysis using Cronbach's alpha indicated satisfactory results for initial self-efficacy (a = 0.73).
The final self-efficacy questionnaire (FSEQ) was a paper-and-pencil instrument that asked participants to appraise their self-efficacy after training. There were three general questions on ease of learning, and six questions about the formatting tasks (i.e., ''Ï can change the left margin of a complete text'', ''I can change the right margin of a complete text'', ''I can construct a nice table of contents'', ''I can present a nicely structured list'', ''I can indent a citation on the right and left'' and ''I know how to indent the first line of a new text segment''). Because, the training tasks were familiar, the presentation format no longer Supporting motivation, task performance and retention in… was depicted but merely described. Only the data for the six formatting tasks are reported. Scales and scoring were the same as for the ISEQ. Reliability analysis using Cronbach's alpha indicated good results for final self-efficacy (a = 0.87).
Both motivation questionnaires employed in the study had their origin in the Fragebogen Actuelle Motivation (Rheinberg et al. 2001) . They were adapted for software training, and used in earlier empirical studies (e.g., van der Meij and van der Meij 2014, 2015).
Five knowledge tests (i.e., pre-test, training, immediate post-test, delayed post-test, and transfer test) assessed task performance. To ensure that participants understood the pre-test items, task descriptions were coupled to screen shots displaying the start and end state. All tests were performance tests with test tasks that had to be completed on the computer. Test tasks used Word files specially prepared for the experiment. All files, except those in the transfer test, included the same underlying problem demonstrated in the videos, differing only in surface level features. Both the pre-test and training test presented one item at a time. The post-tests presented all six test tasks simultaneously. This made these tests more taxing than the training because participants were now facing the problem of selecting the right method for a specific formatting task (compare Card et al. 1983 ). The transfer test asked participants to solve four related but untrained tasks (e.g., change the upper margin of a document).
Task performance on the tests was scored with the aid of a codebook. A score of 0 points was awarded for each task the participant did not complete correctly. Correct task completion yielded a score of 1. Separate scores were computed for two training tasks that required two separate subtasks (i.e., citations and list). This led to a maximum score of 8. Scores were converted to a percentage of possible points. Reliability analyses, Cronbach's alpha, led to satisfactory results for all performance tests: pre-test (a = 0.60), training (a = 0.67), immediate post-test (a = 0.74), delayed post-test (a = 0.73), and transfer test (a = 0.76).
The study used a logging program as a proxy for viewing. For every second of video, the program recorded the participant's actions related to the video (i.e., playing, stopping, pausing, or rewinding) and screen setting (i.e., full screen or partial screen display). With the program, 'coverage' could be computed. Coverage was the number of video seconds that were presented at least once in play mode. It was expressed as a percentage of the total number of seconds in a video. For instance, when a participant's log revealed that there were 26 s of unique play events for a 28-s preview, the coverage for that preview was computed to be 93% (26/28). The minimum score of 0% indicated that a video was never set into play mode. The maximum score of 100% indicated that every unique video second had been played at least once. Coverage was computed for all videos together (total coverage) and for videos types (i.e., previews, 1st demonstrations, 2nd demonstrations, and reviews).
Procedure
The study was conducted in three sessions held in the computer room at the school. All sessions were led by the researcher. In the first session, participants were told that they would engage in software training on Word to assist them in improving the formatting of their school reports (5 min). Next, they were instructed to complete the ISEQ (5 min) and pre-test (20 min).
Training followed a week later. This session started with a 10-min introduction that explained Website navigation and video usage. Also the use of the instruction booklet was explained. Participants were instructed to view the task video until they felt sure they could achieve the procedure. Thereafter, they could engage in practice on the task but they were not allowed to look back to the video. The training included periods of practice (P1) because production processes could not be directly supported by the videos themselves (see Fig. 1 ). Practice on a task immediately followed the video for that task. This timing of practice (P2) is beneficial for task execution during training. Practice was further supported by practice files (P3) which kept distracting information to a minimum. Participants were told to use headphones and work independently, and to call for assistance only when needed. They were given 45 min of training time in the control condition and 50 min in the experimental conditions to compensate for longer videos. [With one exception, this was sufficient for all participants.] After training, there was a 10-min break, followed by the FSEQ and the immediate post-test (20 min). Participants were not allowed to consult the videos during testing.
The third session followed 1 week later. Participants first worked on the delayed posttest (20 min). Next, the participants were informed about the transfer test, in which they were to complete four new, untrained tasks (5 min). Then the transfer test was taken (20 min).
Analysis
A check on the random distribution of participants across conditions revealed no significant differences for age, F(2,62) = 0.28, p = 0.973, or gender, v 2 (2,65) = 0.94, p = 0.625. Conditions also did not differ on initial self-efficacy, F(2,61) = 0.14, p = 0.873, or on pre-test scores, F(2,64) \ 1, n.s. There was also no effect of condition on total training time, F(2,64) \ 1, n.s. The data set from two participants (one in the control conditions, and one in the 2-demo condition) was incomplete. These participants were included in the analyses whenever possible. AN(C)OVAs were computed to assess differences in coverage, motivation and learning. For significant main results, contrasts were computed using Tukey's least significant difference (LSD). Initial checks for sphericity violations (Mauchly) or assumptions of homogeneity of variance (Levene test) revealed no significant differences. Tests were two-tailed with alpha set at 0.05. The degrees of freedom occasionally differ due to missing data. Cohen's (1988) d-statistic was used to report effect size. These tend to be characterized as small for d = 0.2, medium for d = 0.5, and large for d = 0.8.
Results

Video coverage
The mean total coverage was 70.2% (see Table 2 ). An ANOVA showed a main effect of condition, F(2,62) = 6.49, p = 0.003. Post hoc analyses revealed that total coverage for the 2-demo tutorial was lower than for the control (p = 0.001), and the review tutorial (p = 0.041). The control and review tutorial did not differ for total coverage (p = 0.149).
A repeated measures ANOVA with condition as independent variable, and previews and first demonstrations as the two measurement points, showed a significant decline over time, F(1,62) = 76.8, p \ 0.001, d = 1.21. Coverage was lower for first demonstrations than for Supporting motivation, task performance and retention in… previews. There was no main effect of condition, F(2,62) \ 1, and no interaction, F(2,62) \ 1.
A repeated measures ANOVA comparing the two experimental conditions, with review or second demonstration as a third time point, showed a significant main effect of the factor of time, F(2,82) = 167.4, p \ 0.001. More importantly, there was a significant interaction between condition and time, F(2,82) = 3.1, p = 0.05.
An ANCOVA comparing reviews and second demonstrations, with preview and first demonstration coverage as covariates, indicated a significant effect of condition, F(1,39) = 6.7, p = 0.013, d = 0.57. Table 2 shows that reviews yielded moderately higher video coverage than second demonstrations.
Exploratory analyses of the factor of time (the sequence of nine task videos) for coverage per video type revealed that previews yielded consistently high scores (range 89.8-97.7). Other video types displayed significant declines over time. The coverage for demonstrations, reviews, and second demonstrations all dropped substantially as participants continued on in the video tutorial.
Self-efficacy
The initial scores for self-efficacy were slightly above the scale mean (see Table 3 ). A repeated measures ANOVA with condition as independent variable and initial and final self-efficacy reports as the two measurement points, showed a main effect of time. The video tutorials enhanced self-efficacy significantly and substantially, F(1,61) = 90.02, p \ 0.001, d = 1.48. There was no main effect of condition and no interaction between time and condition, F \ 1. Learning Table 4 shows the results for the test outcomes. The initial level of performance was low, with a mean score of 11.7%. A repeated measures ANOVA with condition as the independent variable and the regular task tests as four measurement points, showed a main effect of time, F(3,183) = 202.74, p \ 0.001. Post hoc analyses revealed a significant change from pre-test to training (p \ 0.000) with scores reaching an average of 79.7% (see Table 4 ). There was also a significant change from training to immediate post-test (p \ 0.001), with scores declining to 62.5%. Scores on the immediate and delayed posttests did not differ (p = 0.43). Also, there was no main effect of condition and no interaction between time and condition, F \ 1. Furthermore, an ANCOVA with condition as the independent variable, pre-test score as the covariate and the transfer test as the dependent variable, revealed no difference between conditions, F \ 1.
Discussion
The findings for coverage, a proxy for viewing, yielded an average of 70%. In other words, more than two-thirds of each task video in the tutorials was shown in play mode and, therefore, had the potential of being viewed by the participants. Video type affected this outcome. Previews yielded coverage scores of well over 90%, while coverage dropped significantly for the later parts of each task video. First demonstrations scored about 70%; reviews and second demonstrations yielded scores of 42 and 27%, respectively.
One factor that appears to have had a negative effect on coverage is placement in the tutorial. Whereas individual task videos stayed well within the 3-min limit recommended by Guo et al. (2014) , the total for the whole set of videos in the tutorial was considerably longer, namely 12-20 min in the case of complete coverage (see ''Instructional materials'' under ''Method'') . Exploratory analyses indicated that there was a decrease in coverage for first demonstrations, second demonstrations, and reviews as participants got further along in the tutorial.
Coverage may also have been negatively affected by redundancy. Although we tried to optimize the design of each video type for the purpose(s) that it served, some overlap between types for the same task was inevitable. The steep decline that occurred from previews to first demonstration videos is perhaps a signal that participants found that the latter video did not contain enough new information for them to keep viewing. They may Supporting motivation, task performance and retention in… have decided to drop out earlier with first demonstrations because they believed they had already seen enough of what was needed for task execution in the preview. Still, the distinction between preview, demonstration, and review videos is valuable because each video type supports a different process in observational learning. This raises the question how can videos be redesigned to yield higher coverage?
One possibility is to reduce the content of the previews. Currently, the previews prepare participants cognitively and motivationally for the forthcoming demonstration by informing them about the goal, the concept and the interface object(s) involved in task achievement. Thus, the structure of previews may have given participants the false impression that they presented a comprehensive view on task accomplishment. Perhaps previews should concentrate on explaining only the concepts, just as in designs for the pretraining principle (see Mayer and Pilegard 2014) .
Another possible design solution is to use different examples. All videos for a task featured the same sample file. This design choice was based on the consideration that an identical example throughout a task case would free up cognitive space for attending to other, more pertinent task features because familiar task aspects are more easily ignored (Schnotz and Bannert 1999) . Apparently, it did not work that way. Rather the presentation of the same example may have given participants the impression that the content was already known, which worked against continued viewing of all task videos. Akin to the desirable differences hypothesis (see Yue et al. 2013) , it is probably better to aim for a design that makes participants perceive all video types for a task as slightly different.
One goal of the video tutorials was to provide motivational support to users. The findings showed that the tutorials contributed significantly and substantially to self-efficacy development. Participants indicated that the tutorials resulted in high final self-appraisals of the capacity to accomplish the trained tasks in the future.
The gain in self-efficacy is relevant for future actions, as high self-efficacy has been found to be related to trying harder and being more persistent with comparable task challenges (Bandura 2012; Bandura and Locke 2003) . More generally, the outcome is relevant in view of the prominent place given to motivation in the theoretical model (see Fig. 1 ), along with the motivational mediation assumption, which holds that motivational factors mediate learning by increasing or decreasing cognitive engagement (Park et al. 2014) .
Future studies might want to obtain a broader picture of the motivating qualities of video tutorials by gathering the students' opinion about aspects such as ease of use and usefulness. The technology adoption model (e.g., Davis 1989; Davis et al. 1989; Joo et al. 2014) suggests that these appraisals can play an important role in the users' willingness to engage with video.
Another goal of the video tutorials was the provision of cognitive support. The data showed that the tutorials effectively supported learning when assessment followed immediately after the task videos. From a meager initial score of 12% of the items successfully completed on the pre-test, the training test items yielded a score of 80%. Later testing points revealed that there were still significant and substantial learning gains compared to the starting level, but also that successful completion dropped to about 60%.
Compared to our first empirical study on video tutorials with and without reviews (van der Meij and van der Meij 2016a, b), the learning outcomes are substantially lower on both the immediate and delayed post-test, and the superiority of the review tutorial also failed to replicate. An important difference with the present study lies in a situational variable (i.e., procedure). In the first experiment, participants could access the videos at all times during training. In the present study, access was prohibited when participants worked on practice tasks.
Why is the former more beneficial for learning? According to Bandura (1986) , modeling and production should be interleaved. One reason why participants need immediate practice after observing a model is that it reveals where their imitation of the model fails. When they cannot yet do what the model showed it can prompt participants to replay video segments. Practice thus provides participants with a litmus test for how well a procedure for task completion is understood and remembered, and also serves as a cue for where retention failed. This, in turn, should be a strong stimulus for replaying (part of) the video. In addition to addressing any gaps, replays can solidify the knowledge that has already been acquired. The latter would appear to be especially important when subsequent videos discuss closely related procedures.
The participants in the present study did well during practice (i.e., on the training test), but their scores on the immediate and delayed post-test suggest that learning was fragile. Blocking access to the videos may have affected consolidation. We had expected the reviews to compensate for the lack of video access. The data showed that the scores on the immediate and delayed post-test were about 10% higher than in the other conditions. However, the difference was not statistically significant. The meager coverage for reviews probably limited their impact.
Conclusion
The present study was conducted to further investigate the effectiveness of video tutorials for software training that are designed according to a theoretical model that combines insights from DBT (Grossman et al. 2013 ) and multimedia learning theory (e.g., Mayer 2014). The findings showed that the tutorials successfully supported and enhanced motivation, but also that a lasting effect on learning was achieved only to a moderate degree. One factor that probably negatively affected learning was the restriction imposed on practice; this belongs with the 'situational variables' in the theoretical model. By blocking access to the video during training tasks, the participants were limited in their opportunity for learning.
In addition, the study investigated whether a video tutorial would be more effective if it included reviews. The expected benefits for reviews were not found, which was ascribed to their low coverage. One explanation that was advanced for the limited viewing of reviews was tutorial length. Another factor that could have played a role concerned the content of the reviews. Future studies might want to explore whether reviews achieve higher viewing rates when the modeled task involves a (superficially) different example than in the demonstration. Alternatively, it seems important to assess whether participants value reviews. Because reviews are not commonly presented at the end of instructional videos it seems important to gather the participants' opinions about the usefulness of reviews.
Future research should also address the limitation that no process information was gathered. Empirical research on signaling warns that effective support for a single observational learning process (i.e., attention) does not necessarily yield greater learning (de Koning et al. 2010; Kriz and Hegarty 2007; Skuballa et al. 2012) . In other words, this research suggests that it is desirable to obtain process measures for other activities involved in observational learning as well. For instance, a think-aloud protocol during the practice Supporting motivation, task performance and retention in… tasks or the post-tests might give information about the retention process when information from the narrative is sought for, repeated, or summarized by the participants.
